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Abstract of EP0561423 

A battery charger (12) accepts battery packs (14, 
116,18) of several configurations and size 
(number of cells). The common feature of the 
battery packs (14,16,18) is (at least) one cell 
(124, 124c) housed on end and substantially 
coaxial with a specific terminal block (22, 22a). 
Terminal pins (158, 160: 248, 250) are shielded 
from external contact and engage the terminal 
blades (90) of a charger terminal assembly (88) 
on the floor (46) of a receptacle (20). Charger 
terminal assembly (88) is at one end of the 
receptacle (20) which is elongated so that it can 
accommodate a battery pack "nose" portion (130, 
242, 180) with either one or two cells (124, 124c) 
housed on end and side-by-side. Upright side 
walls (36, 37) of the receptacle (20) support the 
battery pack (14, 16, 18). In the battery pack 
portion (136, 170, 182) outside the receptacle 
(20), cells (124, 124c) may be arranged in any 
configuration to suit tool or other requirements. 
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Description 

This invention relates to battery packs. 

The several advantages of cordless power for tools 
and appliances have led to the development of a wide 
range of sizes of battery packs. Low powered battery 
packs comprising two or three cells have long been 
known. Much larger sizes are becoming more common 
and there is already a potential demand for units com- 
prising up to say twenty cells. Preferably one battery 
charger should be able to handle all sizes of battery 
pack. 

It has been conventional to use battery chargers 
based on a step down transformer. The inherent isola- 
tion of charger output terminals and of batteries under 
charge from high battery charger input voltages is an 
advantage. However, transformer battery chargers are 
essentially voltage sources and transformer size must 
be closely related to the number of cells to be charged. 
With some electronic circuitry the range of a given trans- 
former battery charger can be extended somewhat, but 
this is not generally cost effective and a "universal" 
transformer charger, for covering a wide range of battery 
pack sizes, is not feasible. 

The capacitive battery charger, essentially a current 
source, is not "cell dependent" in the way that a trans- 
former battery charger is. Hence it has been a potential 
alternative or replacement for the transformer battery 
charger, but high capacitor cost has hindered its intro- 
duction. However, recent developments in capacitor de- 
sign, notably the introduction of the metalized film ca- 
pacitor, makes its use in battery charger design cost ef- 
fective. But to realize the potential contribution of the 
capacitor to the design of a more truly universal battery 
charger, charger receptacle and terminal block design 
must preferably be made compatible with battery packs 
not only varying in power size but also in physical size 
and configuration. At the same time it must be recog- 
nized that the capacitor battery charger is inherently 
non-isolated so that the battery charger and battery 
pack terminals, and the cell terminals when under 
charge, are at high voltage. 

Hence, it has continued to be common practice to 
provide a specific charger for each tool resulting in 
wasteful duplication. In US Patent No. 4 173 733, Sug- 
alski suggests a combination in which one battery 
charger design accepts at least two configurations of 
holder, holding cells for charging. However, Sugalski 
does not deal with battery packs per se and in his de- 
sign, integrity or stability of the connection between the 
cell holder and battery charger depend entirely on the 
button and socket-type terminals connecting them, and 
at least before connection, the terminals on both cell 
holder and charger are exposed. 

To adapt his battery charger to different battery 
packs, Busch, in German Patent DE 2 702 129, accepts 
the inconvenience of additional parts, providing a spe- 
cific adapter for fitting each of two styles of battery pack 
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to the battery charger receptacle. The charger terminals 
remain exposed at the bottom of the charger receptacle. 

EP Patent 255 568 discloses battery packs for dif- 
ferent numbers of battery cells. The battery packs have 
s nose portions including side walls of given dimensions 
independent of the number of the battery cells. Some of 
the battery cells may be disposed in the nose portions, 
and contact tabs are arranged at the side walls of the 
battery packs. 

io It is well known to provide the openings of electrical 
power outlets with shutters or shields which impede ac- 
cidental contact with their live terminals. See for exam- 
ple US Patents 2 579 538 Bierce and 4 493 517 Hillary, 
both of which disclose safety shutter arrangements in 
is an outlet, normally responsive only to the insertion of a 
conventional mating plug. However, similar provisions 
in battery charger/battery pack combinations are not 
known. 

In accordance with the invention there is provided 
a battery pack for connection selectively with a tool as 
a power source and with a battery charger for charging, 
characterised in that it comprises : 

a housing having a nose portion including side walls 
and a terminal end transverse the side walls; 
a first battery cell having a side wall and first and 
second opposite ends, said ends being of first and 
second electrical polarities respectively, disposed 
in the nose portion with the longitudinal axis passing 
through the terminal end and with the first end of 
the cell adjacent the terminal end; 
a terminal block at the terminal end of the housing 
and having a pair of spaced apart elongated termi- 
nal pins extending generally parallel to the longitu- 
dinal axis of the cell and outwardly from the first end 
of the cell, and 

connecting means included in the terminal block as- 
sembly for electrically connecting the terminal block 
to the first end of the first cell. 

Preferably, the terminal block includes a base sub- 
stantially abutting the first end of the cell. 

Advantageously, the base includes a pair of spaced 
guides engaging the side wall of said first cell. 

Preferably, the base carries the terminal pins and 
at least one terminal pin is connected through the base 
substantially directly with the first end. 

Advantageously, the battery pack comprises a sec- 
ond cell having a first and second opposite ends, said 
ends being of said first and second electrical polarities 
respectively, and disposed alongside the first cell with 
respective opposite ends of the cells substantially co- 
planar. 

In an alternative arrangement, the battery pack 
comprises a second cell having first and second oppo- 
site ends said ends being of said first and second elec- 
trical polarities respectively, and disposed generally 
alongside the first cell with the longitudinal axes of the 
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cells generally parallel, said base including a pair of 
guides engaging the side walls of the first and second 
cells. 

Preferably, the terminal block is between the hous- 
ing terminal end and the first end of the cell and at least s 
partially overlaying said first end of the cell. 

For a better understanding of the present invention 
reference will now be made, by way of example, to the 
accompanying drawings, in which : 

10 

Fig. 1 is a side view of a battery charger 
Figs. 2 and 3 are respectively side views of first and 
second embodiments of battery packs rechargea- 
ble by the battery charger of Fig. 1 ; 
Fig. 4 is a somewhat enlarged overhead view of the is 
battery charger of Fig. 1 ; 

Fig. 5 is an enlarged cross-section taken approxi- 
mately on line 5-5 of Fig. 4 showing details of the 
battery pack receiving receptacle of the battery 
charger; 20 
Fig. 6 is a much enlarged partial cross-section of 
the battery charger taken approximately on line 6-6 
of Fig. 4, showing details of the charger terminal as- 
sembly and also a portion of the terminal block of a 
battery pack in position for connection with the bat- 25 
tery charger; 

Fig. 7 is an enlarged cross-section of the battery 
charger taken approximately on line 7-7 of Fig. 4 
with a battery pack connected and in a charging re- 
lationship; 30 
Fig. 8 is an end view of the battery pack of Fig. 2; 
Fig. 9 is a perspective view of the battery pack of 
Fig. 2 as viewed from below; 
Figs. 10 and 11 are bottom views showing the ter- 
minal block arrangement of the battery packs of 35 
Figs. 2 and 3 respectively In Figure 11 the relative 
position of the charger receptacle walls is shown in 
phantom outline; 

Figs 1 2a-e show bottom views of the terminal block 
assemblies of battery packs of the first embodiment 40 
in two, three and eight cell sizes (12a through c re- 
spectively) and of the second embodiment in two 
and three cell sizes (1 2d, 1 2e) to show a sample of 
the key lockout pattern used to limit the battery 
packs to connection only with compatible tools; *s 
Fig. 1 3 is a side view similar to Fig. 3 of a third em- 
bodiment of battery pack; 

Fig. 14 is an enlarged pictorial view of the terminal 
block of the battery pack of Fig. 2; 
Fig. 1 5 is an enlarged pictorial view of the thermistor so 
mounting clip of the battery charger in contact with 
a terminal pin of a battery pack; 
Fig. 16 is an enlarged end view similar to Fig. 8 of 
the battery pack of Fig. 2, but cut away to show de- 
tails of the battery cell subassembly; ss 
Fig. 17 is an enlarged view taken approximately on 
line 17-17 of Fig. 16 showing further details of the 
battery cell subassembly; 



Fig. 18 is a view similar to Fig. 17 but taken from 
the opposite side of the battery pack, approximately 
on line 18-18 of Fig. 16; and 
Fig. 19 is a cut away view similar to Fig. 18 of the 
battery pack of Fig. 3. It indicates the cell connection 
arrangement of a battery pack of two or more cells. 

Referring to Figs. 1, 4 to 7 and 15, there is shown 
a battery charger 1 2 which comprises an upper housing 
portion 28 provided with a receptacle 20 for receiving a 
battery pack. The receptacle 20 extends deeply into the 
battery charger 12 from a battery pack supporting plat- 
form 32 which substantially surrounds it. The receptacle 
20 comprises a primary chamber 34 which is of gener- 
ally oval cross-section (as seen best in Fig. 4) and which 
has side walls 36 which terminate in a generally hori- 
zontal floor 38. A pair of locating ribs 40 extend from the 
floor 38 to about two thirds the height of the side walls 
36 and help to define a terminal end portion 41 of the 
receptacle 20. The floor 38 opens downwards into a sec- 
ondary chamber 42, the generally rectangular form of 
which is seen best in Fig. 4. The secondary chamber 42 
is provided with side walls 44 which descend to a floor 
46. 

A terminal assembly pedestal 50 extends upwards 
from the floor 46 and protrudes into the primary chamber 
34. Its generally rectangular shape in plan and its asym- 
metrical disposition in the secondary chamber 42 are 
also best seen in Fig. 4. The space of the secondary 
chamber 42 remaining between the terminal assembly 
pedestal 50 and the side walls 44 of the secondary 
chamber 42 is moat-like in form and at its widest point 
52 the side walls 44 meet the floor 46 at a generously 
radiused corner 54 (Fig. 7). 

The top wall 56 of the terminal assembly pedestal 
50 is penetrated by three apertures which are symmet- 
rically placed and which include a longer, central, insu- 
lator aperture 58, flanked by terminal apertures 60 and 
62 (see Fig. 6). Descending partway within the terminal 
assembly pedestal 50 from its top wall 56 are a pair of 
shielding walls 64, which also define the lateral sides of 
the insulator aperture 58. At its lower end, each shield- 
ing wall 64 is recessed outwards to define a pair of lips 
66. 

Internal features of the upper housing portion 28, 
best seen in Fig. 7, include a tapered pin 68 which ex- 
tends downwards from the floor 46. A leg 70 alongside 
the tapered pin 68 descends only about half the length 
of the tapered pin 68. 

A pair of optic tubes 72, 73 extend downwards from 
sloping wall 74 of the upper housing portion 28. Each 
optic tube 72, 73 is connected to the sloping wall 74 by 
a "snap-latch" retaining arrangement 76. The lens like 
ends 78, 79 of the optic tubes 72, 73 are approximately 
flush with the surface of the sloping wall 74 (Figs. 4 and 
7). 

A printed circuit board 82 carries much of the elec- 
trical circuitry of the battery charger 12 and external 
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power is brought to it through a power cord 80. The print- 
ed circuit board 82 is supported in the lower housing por- 
tion 30 by support surfaces 84 shown in Fig. 7. On initial 
assembly into the lower housing portion 30, the printed 
circuit board 82 is free to float or be adjusted in a hori- 5 
zontal plane relative to the lower housing portion 30. In 
assembly, a locating hole 86 in the printed circuit board 
82 registers with and is penetrated by the tapered pin 
68 of the upper housing portion 28. 

A charger terminal assembly 88 carried by the print- 
ed circuit board 82 extends upwards into the centre of 
the terminal assembly pedestal 50 (see Fig. 6). It in- 
cludes a pair of terminal blades 90 each associated with 
a spring terminal support 92 and both cantilevered from 
the printed circuit board 82 and biased toward each oth- 
er into the centre (disconnected) position shown in Fig. 
6. Bias is augmented by leaf springs 93. Towards their 
upper ends 96 the spring terminal supports 92 bear a 
series of cam lobes 94 spaced so that when the spring 
terminal supports 92 meet the cam lobes 94 interleave 
on the common centre line of terminal block 22 (espe- 
cially insulating wall 166) and charger terminal assem- 
bly 88, as shown in Fig. 6. The upper ends 96 of the 
spring terminal supports 92 are shaped so as to define 
an upwardly opening curved v or cam entry 98. Opera- 
tive contact between the terminal blades 90 and their 
spring terminal supports 92 is only at a fulcrum 100 
raised on the face of the spring terminal supports 92. 
The spring terminal supports 92 are recessed above this 
point to provide clearance for the somewhat hook-like 
upper ends 1 02 of the terminal blades 90. Symmetrically 
straddling the charger terminal assembly 88 is a pair of 
deflector ramps 104, each having an upper tip 106 ad- 
jacent and somewhat below the upper ends 102 of the 
terminal blades 90 and a lower portion 108, extending 
outwards close to the level of the floor 46 of the second- 
ary chamber 42 of the receptacle 20. 

Adjacent one of the terminal blades 90, an upright 
recess 110 in the charger terminal assembly 88 accom- 
modates a thermistor clip 11 2, so that it stands erect ap- 
proximately parallel to the terminal blades 90,as seen 
best in Figs. 7 and 15. An upper contact portion 114 of 
the thermistor clip 11 2 is approximately horizontally op- 
posite the hook-like upper ends 102 of the adjacent ter- 
minal blade. Closely below the upper contact portion 
114 of the thermistor clip 112, aresilient cradle ^sup- 
ports a thermistor 118. The printed circuit board 82 also 
carries a pair of light emitting diodes 120, 121 (121 not 
shown) disposed on the upper side of the printed circuit 
board 82 so that, on assembly, they register with the low- 
er ends of the optic tubes 72, 73. Light emitting diode 
120 is green, 121 is red. 

Figures 2, 8, 9, 1 0 and 16-18 show a "standard' bat- 
tery pack 14 which contains a plurality of cells 124 in a 
housing 126, preferably of a suitable substantially rigid 
plastics material. The cells 1 24 comprise a pair of up- 
right cells 124a arranged side-by-side in the lower or 
nose portion 130 of the "standard" battery pack 14, with 



the base 1 28 of terminal block 22 below them, and trans- 
verse cells 124b stacked transversely in pairs above 
them. The "standard" battery pack shown has eight cells 
1 24. Advantages of this cell arrangement configuration 
are compactness and its suitability for a range of battery 
pack sizes, (say from four cells to twenty cells) and fa- 
cilitating the manufacture of an electrically connected 
subassembly 210 of cells in preparation for its insertion 
into the housing 126. (This subassembly 210 is dis- 
cussed in more detail below.) A particular form of the 
"standard" battery pack (not shown in the drawings) may 
include only the two upright cells 124a. 

In the typical "standard" battery pack, such as the 
eight cell size shown here, the housing 126 has three 
main sections viz: the nose portion 1 30, a middle portion 
1 32 and an enlarged portion 136. 

The nose portion 130 is of connected double cylin- 
drical form in cross-section (see Figs. 9 and 10), con- 
forming quite closely to the "envelope" of the two upright 
cells 1 24a. This portion may carry a pawl 131 for retain- 
ing the battery pack 14 in the receptacle of a power tool 
or appliance. 

The middle portion 1 32 of the housing 1 26 is some- 
what wider, in part to accommodate of the transverse 
cells 1 24b and also to provide a horizontal ledge 1 34, 
which contributes to the support of the "standard" bat- 
tery pack 14 in the battery charger 12. 

The enlarged portion 136 accommodates the bulk 
of the transverse cells 124b. 

An off-centre opening 138 in the housing base 140 
is protected by a downwardly extending shroud 1 42 con- 
sisting of a straight wall 144 on three of its sides and a 
thickened lobe 146 on the fourth. The presence of this 
lobe 146 reinforces the housing 126 at this potentially 
vulnerable point; may accommodate a fastener for 
"locking" the housing if it is made in two halves split on 
a vertical plane (such as that indicated at 148 in Figs. 8 
and 9); and its radiused comer 1 50 may assist in guiding 
the "standard" battery pack 14 into final seating in the 
receptacle 20 of the battery charger 1 2. 

The terminal block 22 consists of a base 1 28 of plas- 
tics material, into which are moulded (best seen in Figs. 
6, 7 and 14) metal terminals 154, 156, the terminal pins 
158, 160 of which extend downwards but remain within 
the shroud 142. Each metal terminal 154, 156 includes 
a connecting tab 162, 164 respectively, for making elec- 
trical connection with the respective upright cells 124a. 
The terminal block 22 and the cells 124 of the battery 
pack 14 thus form a subassembly 21 2 (to be described 
in more detail below) when electrically connected for in- 
sertion as a unit into the housing 126 of the "standard" 
battery pack 14. 

Integral with the base 128 is an insulating wall 166, 
extending downwards and centrally placed between the 
terminal pins 1 58, 1 60. The height of the insulating wall 
166 exceeds the length of the terminal pins 158, 160. 
Its width substantially fills the transverse width of the 
opening 138, so that the terminal pins 158, 160 are ef- 
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fectlvely screened one from the other. Extending up- 
wards from the base 128 are a pair of V-guides 168 
which help to locate the upright cells 1 24a relative to the 
terminal block 22. The offset location of the terminal 
block 22 results in the V-guides 1 68 being almost in line s 
with the terminal pin 158. 

The "stick' battery pack 16 (Figs. 3, 11 and 13) is 
advantageous for packs of a smaller total number of 
celts and for tool environments, for example, where the 
simple elongated cylindrical form of Fig. 3 is desirable; 
or where the more compact but essentially flat form of 
Fig. 13 is appropriate. Pack size of two to four cells is 
the most useful range for the "stick" battery pack. 

In the "stick" battery pack 16 of Fig. 3 the housing 
1 70 is of modified circular cross-section as best seen in 
Fig. 11, and accommodates three cells 124c arranged 
end to end. This battery pack 16 preferably uses a ter- 
minal block 22a outwardly similar to the "standard" bat- 
tery pack 1 4 and shielded in a similar way with a shroud 
172. This is identical with the shroud 142 of the "stand- 
ard" battery pack except that the thickened lobe 1 46 is 
absent, so that a straight wall 144' of uniform thickness 
extends on all four sides. As seen best in Fig. 11 the 
modification of the cylindrical form of the housing 1 70 
consists of extending it to coincide with the outer face 
1 74 of the shroud 1 72 and completing the form with tan- 
gential surfaces 176. 

In the L-shaped "stick" battery pack 18 of Fig. 13, 
the three cells 124c lie with their longitudinal axes in a 
common plane. The lower portion 180 of the housing 
182 is identical with that of the "stick" battery pack of 
Fig. 3, including the disposition of the terminal block22a, 
with respect to the immediately adjacent lower of the 
cells 124c, and the shroud 184. 

Figs. 12a through 12e show examples of the "key 
lockout" system used to standardize the shrouded ter- 
minal arrangement of the battery packs according to the 
number of cells, whether in "standard" or "stick" battery 
pack configuration - so as to avoid mismatch between 
battery pack and tool. The determining feature is a land 
188, 189, 190 for standard battery packs of two, three 
and eight cell sizes. Figures 1 2d and e show respective- 
ly the disposition of lands 1 91 and 192 for the two and 
three cell "stick" battery pack. 

Details of a "standard" battery pack subassembly 
210, for an eight cell pack of cells 124 are seen best in 
Figs. 16-18. This assembly begins with a preliminary su- 
bassembly 212 consisting of the two upright cells 124a 
the terminal block 22 and connecting straps 214, 216. 
The cells 124 (124a, 124b) are preferably nickel-cadmi- 
um cells of conventional construction having a central 
positive electrode 218, a cylindrical casing 220 and a 
negative electrode 222 at the opposite end. Each cell 
124 in the "standard" battery pack subassembly 210 is 
fitted with an insulating cap 224, as protection from in- 
advertent short circuiting between the positive electrode 
218 and an edge of the cylindrical casing 220. The in- 
sulating caps 224 of neighbouring cells 224 also act as 



insulating spacers to keep the cells 224 parallel and 
maintain separatbn between cylindrical casings 220 as 
may be seen in Figs. 16-18. 

In the preliminary subassembly 212 of the upright 
cells 1 24a, the base 1 28 abuts the ends of the cells 1 24a 
(see Fig. 17 for example) and the connecting tabs 162, 
1 64 are connected directly to the positive and negative 
electrodes 21 8, 222 by a suitable method such as elec- 
trical resistance welding. This virtual integration of the 
terminal block 22 with the cell subassembly has struc- 
tural advantages and eliminates the need for wiring and 
simplifies assembly. The configuration of battery packs 
shown in Figures 3 and 13 benefits from a similar close 
juxtaposition of terminal block 22a and cell end. 

Preparatory to making up the complete subassem- 
bly 210 the ends of connecting straps 214, 21 6 are bent 
up at right angles to form connecting tabs 226, 228 for 
connecting with the two lower transverse cells 124b. 
The remaining four transverse cells 124b are "stacked" 
above these so that the juxtaposed cell ends of opposite 
polarity are coplanar, as seen best in Fig. 16. An insu- 
lating board 229 separates the cylindrical casings 220 
of the transverse cells 1 24b from the upper ends of the 
upright cells 124a. Series connection of the transverse 
cells 224b is ,made by connecting straps 230, seen best 
in Figs. 17 and 18. Permanent connection of connecting 
straps 230 and connecting tabs 226, 228 to the cell elec- 
trodes is made by some suitable process such as elec- 
tric resistance welding. As seen in the figures, all elec- 
trical connections of the transverse cells 124b of the 
"standard" battery pack configuration are made in a pair 
of spaced apart parallel planes. This simplifies such op- 
erations as setting the connecting straps 230 in position 
and connecting them (as by resistance welding), and fa- 
cilitates automation of the assembly of the "standard" 
battery pack subassembly 210. 

Before being encased in the housing 126, the 
"standard" battery pack subassembly 210 is enshroud- 
ed in a tight fitting "boot" 232. Preferably the boot 232 
is of natural rubber, or as an alternative, a flexible plastic 
applied by a heat-shrink process may be used. In both 
cases the boot 232 must be tight enough and tough 
enough to assist materially in maintaining the structural 
integrity of the "standard" battery pack subassembly 
210, and in supplementing the insulation of the cells af- 
forded by the housing 126. With the boot 232 in place, 
inadvertent puncturing or rupturing of the housing 126 
would not expose live portions of the cells to outside 
contact. As indicated in Figs. 16 to 18, the mouth 234 of 
boot 232 should reach preferably at least halfway down 
the upright cells 124a. The cells of the battery pack are 
at high voltage when the battery pack 14 is inserted in 
the battery charger 1 2 and charging and in that condition 
substantially the entire nose portion 1 30 of the housing 
126 is shielded by the walls of the receptacle 20. 

The "standard" battery pack subassembly 210 is 
stabilized within the housing 126 by its relatively snug 
fit in the nose portion 1 30 and, in the enlarged portion 
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1 36, by its engagement with bosses 236 and spacer el- 
ement 238, integral with the enlarged portion 136. 

An eight cell battery pack has been used as an ex- 
ample of the "standard" battery pack configuration but 
the design is suitable for a wide range of sizes, twenty s 
cells being an example of a larger size. In this, the en- 
larged portion would include 18 transverse cells 124b. 
The range of sizes may also include an odd number of 
cells such as eleven. In the odd sizes a centrally placed 
single cell occupies the uppermost layer of the stack of 
transverse cells 124b (not shown in the drawings. 

A "stick" battery pack 16 is shown in more detail in 
Fig. 1 9. The drawing shows the arrangement for a pack 
of two or more cells. A nose portion 242 of the housing 
170, including the shroud 172, includes an internal 
shoulder 244 for positioning and retaining the terminal 
block 22a in the housing 1 70. This portion of the housing 
170, including the shroud 172 and shoulder 244, may 
be referred to generally as the terminal end 246 of the 
housing 170. 

The structure of the terminal block 22a is very sim- 
ilar to that of the "standard" battery pack described 
above. Positive and negative terminal pins 248, 250 re- 
spectively, are moulded into a base 252. Negative ter- 
minal connecting tab 254 connects directly (for example 
by electrical resistance welding) with the negative elec- 
trode 222 of the first cell 124c. Positive terminal con- 
necting tab 256, perpendicular to the base 252, extends 
up alongside the cylindrical casing 220. The insulating 
wall 166* separating the positive and negative terminal 
pins 248, 250 is integral with the base 252. 

Intermediate series connection of the cells 124c is 
made by a folded connector strap 258 rigidly connected 
to the cell ends (for example as by resistance welding) 
with an insulator pad 260 ensuring a desired separation 
between the ends of neighbouring cell casings. Electri- 
cal series connection of the cells is completed by a wire 
lead assembly 262 connected by a slide-on connector 
264 at positive terminal tab 256 and a permanently wired 
connection 266 at the positive electrode 218 of the top 
cell. This connection is also protected by an insulator 
pad 260 and the complete subassembly 267 of connect- 
ed cells with terminal block 22a is enshrouded in a boot 
268 extending from its closed end 270 at the top of the 
pack to an open mouth 272 encircling the bottom cell 
124c, close to its end. As seen in Fig. 11 the cross-sec- 
tion of housing 170 is not completely round. This depar- 
ture from a purely cylindrical form in part provides space 
for a pair of upright spaced apart guide members 274 
which help to determine and maintain the rotational po- 
sition of the subassembly 267 within the housing 170. 

Comparison of Figs. 7, 1 8 and 1 9 shows the essen- 
tial similarity between battery packs of the "standard" 
and "stick" type with regard to the juxtaposition of termi- 
nal blocks and a first cell of the battery pack, and also 
of the direct connection of the negative terminal - a com- 
pact and efficient design with the potential for savings 
in manufacturing cost and good reliability in service. 



In the assembly of the battery charger 12, precise 
alignment or register between the terminal apertures 60, 
62 and the insulator aperture 58 of the terminal assem- 
bly pedestal 50 with charger terminal assembly 88 is ob- 
tained through the interaction of the tapered pin 68 of 
the upper housing portion 28 and the locating hole 86 
in the printed circuit board 82. As can be seen in Fig. 7, 
space 1 96 is provided at the support surfaces 84 of the 
printed circuit board 82, so that as the assembly of the 
upper and lower housing portion 28, 30 of the battery 
charger 12 is made, the housing portion fits snugly at 
joint 1 98 and the final position of the printed circuit board 
26 is determined by the progressively limiting entry of 
the tapered pin 68 into the locating hole 86. In the man- 
ufacture of the housing upper portion 28 the horizontal 
disposition of the apertures 58,60,62 is gauged entirely 
with reference to the locating pin 68. In the subassembly 
of the printed circuit board 26, disposition of the charger 
terminal assembly 88 is made entirely with reference to 
the locating hole 86, thus ensuring the desired precision 
of alignment of apertures with terminal pins. 

A battery pack and charger assembly system ac- 
cording to the invention is particularly useful when the 
charger is of a non-isolated type such as capacitive. In 
such a system the cells and the battery and charger ter- 
minals are at a high voltage during charging so that in 
operating the system there is the potential for electric 
shock, as well as shorting of the terminals of either bat- 
tery pack or battery charge when they are potentially ex- 
posed before or after connection and charging. 

The combination of the terminal block 22, 22a and 
the shroud 142, 172, 184 with its walls 144, 144' coop- 
erating with the insulating wall 1 66, 1 60', so isolates and 
shields the respective terminal pins 158,150 in their re- 
spective "cells" (202,204, seen best in Fig. 10), that the 
possibility of inadvertently short circuiting contact be- 
tween them is almost eliminated. 

Furthermore, as indicated above the walls of the 
housing 126 and the boot 232 give the battery pack su- 
bassembly 210 two layers of protection. 

Inadvertent contact with the terminal blades 90 is 
also very well guarded against. First of all, the charger 
terminal assembly 88 is protected by being at the bottom 
of the relatively deep receptacle 20. There, in the sec- 
ondary chamber 42 of the receptacle 20, the charger 
terminal assembly 88 is recessed within the terminal as- 
sembly pedestal 50. To enhance this protection, the ap- 
ertures 58, 60, 62 in the top wall 56 of the terminal as- 
sembly pedestal 50 are kept small. Hence the impor- 
tance of the precise alignment between these apertures 
and the charger terminal assembly 88 referred to above. 

In the "open" condition of the battery charger and 
particularly the charger terminal assembly 88 as shown 
in Fig. 6, the terminal blades 90 are retracted away from 
the vertical line of the terminal apertures 60, 62 under 
the resilient action of the terminal blades 90 (helped by 
leaf springs 93) and their spring terminal supports 92. 
The combination of this retracted position of the terminal 
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blades 90 and the limited access provided by the termi- 
nal apertures 60, 62 severely limits the possibility of con- 
tact with a terminal blade 90, in case of inadvertent entry 
of a metallic object or probe through one of the apertures 
60, 62. In case of entry of a metallic "probe" of sufficient 
length and small cross-section through one of the ter- 
minal apertures 60,62, the shielding walls 64 would ini- 
tially divert the probe from the terminal blades 90 and 
on further entry the probe would encounter one of the 
deflector ramps 104 and tend to be diverted away from 
the terminal blade 90. Only a small window 206 is left 
between the lips 66 of the shielding wall 64 and the up- 
per tip 106 of the ramp 104, and the contact portion of 
the terminal blade 90 is well shielded within. 

In the preparation for charging operation the termi- 
nal blades 90 must be erected into the near vertical op- 
erating position shown in Fig. 7. This is accomplished 
by the advance entry of the insulating wall 1 66 in its sec- 
ond role as a terminal assembly actuator through the 
insulator aperture 58, to encounter the cam entry 98, 
and progressively separate the spring terminal supports 
92 in a circumferential direction, so that the terminal 
blades 90 are moved into operating position in readi- 
ness for electrical contact with the terminal pins 
158,160. The contact pressure of the terminal blades 90 
is augmented by the "leverage" about fulcrum 100. 

Operation of the battery charging circuit in battery 
charger 12 is controlled in part by the thermistor 118. 
The control variable is cell temperature. Mounted on its 
clip 112, the thermistor 118 is in a good thermally con- 
ductive relationship with the cells 124 of the battery 
pack. The chain of this conductivity is from the thermis- 
tor 118 through its clip 112, and particularly the upper 
contact portion 114 of the thermistor clip 112, to the ter- 
minal pin 160 and through to the cells 124 of the battery 
pack. The thermistor clip 112 is held in the upright recess 
110, in such a way that it is biased for good contact 
against the terminal pin 160 (see Figs. 7 and 15). The 
heat insulating effect of the deep receptacle 20 helps in 
heat transfer from cell to thermistor 118. Advantages of 
this simple low cost thermistor mounting include ease 
of assembly and isolation of the thermistor 118 from the 
terminal blades 90 when no battery pack is present. 

The use and function of thermistors in battery 
charger circuits is well known although, conventionally, 
the thermistor is mounted in the battery pack in close 
association with one or more of the battery cells. Al- 
though in an unconventional location the thermistor here 
functions in a similar way. Electrical resistance of the 
thermistor varies with its temperature. The system is de- 
signed so that when, for example, the thermistor senses 
a termperature corresponding to a fully charged condi- 
tion of the battery pack, it signals a control circuit to in- 
terrupt charging. In the preferred embodiment, the con- 
dition of the charging system is visually indicated 
through the medium of the light emitting diodes (LED) 
120, 121, (121 not shown) carried by the printed circuit 
board 82. Emission of red light (LED 212, not shown) 



indicates that the system is charging and light from the 
LED is transmitted by the optic tube 73 for an external 
visual indication at lens like end 79. Similarly, a green 
light, at lens like end 78, from LED 120, indicates that 
5 charging is complete (see Figs. 4 and 7). 

As has already been indicated, the system compris- 
es a battery charger 12, which will accept a variety of 
battery pack configurations and of sizes or powers with- 
in those configurations. Within the context of a poten- 
10 tially extensive line of portable power tools or devices, 
the battery charger becomes universal. A basis of this 
universality is the innovative design of the receptacle 
20. It is based on a unit of two battery cells erect and 
side by side. The asymmetrical disposition of the termi- 
1$ nal assembly pedestal 50 towards one end of the floor 
46 defines one end of the receptacle 20 as the terminal 
end and hence, in the battery pack a corresponding ter- 
minal-adjacent cell. This relationship is maintained in all 
battery pack configurations and sizes acceptable to the 
battery chargers. 

The contribution of the depth of the receptacle 20 
to electrical safety has been referred to above. The 
depth and shape of the receptacle 20 also keeps such 
battery pack securely erect when installed in the battery 
charger 12. This stability is enhanced by the engage- 
ment of the horizontal ledge 134 in the housing 126 of 
the "standard" battery pack with the battery pack sup- 
porting platform 32 surrounding the top of the receptacle 
20. Dimensions are such that this engagement limits the 
entry of the battery pack into the receptacle so that its 
weight is supported by the battery pack supporting plat- 
form 32 and the horizontal ledge 1 34 rather than ele- 
ments at the bottom of the receptacle 20. 

The "stick" pack configurations of Figs. 3 and 13 are 
limited in size as described above and hence are lighter 
and no special provision is made for vertical support of 
their weight. However, they are guided into and held 
erect in the receptacle 20 by the locating ribs 40 of the 
receptacle 20. (Juxtaposition shown in phantom outline 
in Fig. 11) 

The battery packs may be used for powering, for 
example electric drills, screwdrivers, circular saws, jig- 
saws, flashlights, string trimmers and many others from 
the general power tool as well as the lawn and garden 
tool fields and the field of small domestic appliances. 

An important aspect of the preferred embodiment, 
the cost effective and convenient universality of the bat- 
tery charger 12, derives in part from "keying" the con- 
nection of the battery charger 1 2 and battery pack to the 
unit of a single cylindrical cell, on end in the receptacle 
20 and with a terminal block substantially coaxial with 
the cell. The receptacle 20 is elongated to accommo- 
date at least one more cell alongside the first, and is 
made deep enough to provide at least auxiliary support 
for the portion of the battery pack housing contained in 
the receptacle 20. In the battery charger 12 disclosed, 
the receptacle 20 will accommodate battery packs with 
a maximum of two side-by-side cells in the charger en- 
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gaging "nose" of the battery pack. Clearly, a receptacle 
may be extended to accept a battery pack housing three 
or more side-by-side cells in its nose. In such an extend- 
ed version, the "prime" cell associated with the terminal 
block of the battery pack could still be at one end, or 
alternatively, the terminal block could be associated with 
one of the intermediate cells. In the latter case, upright 
ribs on the receptacle walls similar to locating ribs 40 in 
Figures 5 and 11 could be provided to offer auxiliary sup- 
port for the battery packs needing it, such as "stick" bat- 
tery packs having only one upright cell in the receptacle 
area. In all cases, the present battery charger/battery 
pack system concept combines providing substantial 
support for the battery pack in the battery charger (by 
virtue of the potential engagement of a portion of the 
battery pack housing in the walls of the receptacle 20 
and upper supporting platform, when applicable) with a 
minimum limitation on the configuration of the battery 
pack outside the receptacle. It will be realized that the 
concept of charger receptacle configuration must be 
compatible with tool receptacles also, and that it is in 
association with the tool that freedom in battery pack 
configuration design is especially valuable. 

Additionally, battery cells in portions of the battery 
pack outside the receptacle may be oriented to suit such 
requirements as compatibility of the battery pack con- 
figuration with tool shape or with a compactness require- 
ment. For low powered tools, placing two, three or four 
cells end-to-end in an elongated generally cylindrical 
housing (a "stick" pack) may be convenient. For bigger 
tools and packs, holding, e.g., up to 20 cells, the cells 
beyond those in the receptacle may be disposed trans- 
versely of the nose cells and stacked for a compact con- 
figuration - one which facilitates manufacturing, partic- 
ularly with respect to electrical connection between the 
various cells. 

Another feature of the charger/pack system is that 
the battery packs have a nose portion comprising a sin- 
gle cell occupying only one side of the receptacle or two 
or more side-by-side cells, occupying more of or com- 
pletely occupying the receptacle. In either case, the ter- 
minal block of the battery pack may abut a cell end, 
greatly facilitating the assembly operation of making 
electrical connection between cell and battery pack ter- 
minal pin. 

All of these possible embodiments of interfacing be- 
tween battery charger and battery pack would enjoy the 
related advantages of convenience, economy and safe- 
ty. Confined to the battery charger, the charging control 
circuitry is potentially more reliable and the cost of du- 
plicating it (especially the means for sensing battery 
temperature changes) in every battery pack is avoided. 
The particular shielding given the terminals of the bat- 
tery charger and the terminal pins of the battery pack 
inherently reduces the risk of electric shock or inadvert- 
ent short circuiting and is effective when battery charger 
and battery pack are connected for charging as well as 
when they are separated. The reliability of these safety 



features is enhanced by the means provided to achieve 
accurate register in assembly between the terminal 
blades and their access apertures. 



Claims 

1 . A battery pack for connection selectively with a tool 
as a power source and with a battery charger (12) 

io for charging, characterized in that it comprises : 

a housing (126,170) having a nose portion 
(130,242) including side walls and a terminal 
end transverse the side walls; 
is a first battery cell (1 24) having a side wall (220) 

and first and second opposite ends (218,222), 
said ends (218,222) being of first and second 
electrical polarities respectively, disposed in 
the nose portion (1 30,242) with the longitudinal 
20 axis passing through the terminal end and with 

the first end (222) of the cell adjacent the ter- 
minal end; 

a terminal block (22, 22a) at the terminal end 
of the housing and having a pair of spaced apart 
2$ elongated terminal pins (1 58, 1 60;248,250) ex- 

tending generally parallel to the longitudinal ax- 
is of the cell (1 24, 1 24c) and outwardly from the 
first end (222) of the cell (124,124c), and 
connecting means (164,254) included in the 
30 terminal block assembly for electrically con- 

necting the terminal block (22,22a) to the first 
end (222) of the first cell (124,124c). 

2. A battery pack (14,16) according to Claim 1 char- 
ts acterized in that the terminal block (22, 22a) in- 
cludes a base (128, 252) substantially abutting the 
first end (222) of the cell. 

3. A battery pack according to Claim 2 characterized 
40 in that said base (128, 252) includes a pair of 

spaced guides (168, 274) engaging the side wall of 
said first cell (124, 124c). 



4. A battery pack according to Claim 2 or 3 character- 
's ized in that the base (128, 252) carries the terminal 

pins (156, 158; 248, 250) and at least one terminal 
pin (156, 158; 248, 250) is connected through the 
base (128, 252) substantially directly with the first 
end (222). 

50 

5. A battery pack according to any of Claims 1 to 4, 
characterized in that it comprises a second cell 
(124, 124c) having first and second opposite ends 
(218, 222), said ends (218, 222) being of said first 

55 and second electrical polarities respectively, and 
disposed alongside the first cell (124, 124c) with re- 
spective opposite ends (218, 222) of the cells (124, 
1 24c) substantially coplanar. 
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6. A battery pack according to any one of Claims 1 to 
4, characterized in that it comprises a second cell 
(124) having first and second opposite ends (218, 
222) said ends being of said first and second elec- 
trical polarities respectively, and disposed generally 
alongside the first cell (124) with the longitudinal ax- 
es of the cells (124) generally parallel, said base 
(128) including a pair of guides (168) engaging the 
side walls (220) of the first and second cells. 

7. A battery pack according to any of Claims 1 to 6, 
characterized in that the terminal block (22,22a) is 
between the housing terminal end and the first end 
(222) of the cell (124) and at least partially overlay- 
ing said first end of the cell. 

8. A battery pack according to claim 1 characterised 
in that an actuator (166,166') extends outwardly 
from the terminal end of the housing and is engage- 
able in an aperture (58) in a battery charger (12) to 
permit the terminal pins to engage terminal blades 
(90) of the charger. 

9. A battery pack according to claim 8 characterised 
in that the actuator extends from the terminal block 
and is located between and parallel to the terminal 
pins. 



Patentanspruche 

1. Batterieeinheit zur wahlweisen Verbindung mit ei- 
nem Werkzeug als Spannungsquelle und mit einem 
Batterieladegerat (12) zum Auf laden, dadurch ge- 
kennzeichnet, daB sie 

ein Gehause (126, 170) mit einem Halsbereich 
(130, 242) einschlieBlich Seitenwanden und ei- 
nem Kontaktende quer zu den Seitenwanden; 
eine erste Batteriezelle (124) mit einer Seiten- 
wand (220) und ersten und zweiten gegenuber- 
liegenden Enden (218, 222), die jeweils erste 
und zweite elektrische Polaritat haben, wobei 
sie die Langsachse der Batteriezelle im Hals- 
bereich (130, 242) durch das Kontaktende er- 
streckt und die Batteriezelle mit ihrem ersten 
Ende (222) benachbart zum Kontaktende an- 
geordnet ist; 

einen Kontaktblock (22, 22a) am Kontaktende 
des Gehauses, der ein Paar im Abstand von- 
einander angeordneter, langlicher Kontaktstifte 
(158, 160; 248, 250) hat, die sich im wesentli- 
chen parallel zur Langsachse der Zelle (124, 
124c) und vom ersten Ende (222) der Zelle 
(124, 124c) nach auBen erstrekken, und 
Verbindungsmittel (164, 254) aufweist, die zur 
elektrischen Verbindung des Kontaktblockes 
(22, 22a) mit dem ersten Ende (222) der ersten 



Zelle (124, 124c) in der Kontaktblockanord- 
nung enthalten sind. 

2. Batterieeinheit (14, 16) nach Anspruch 1, dadurch 
5 gekennzeichnet, daB der Kontaktblock (22, 22a) ei- 
ne Basis (128, 252) enthalt, die im wesentlichen an 
dem ersten Ende (222) der Zelle anliegt. 

3. Batterieeinheit nach Anspruch 2, dadurch gekenn- 
io zeichnet, daB die Basis (1 28, 252) ein Paar im Ab- 
stand angeordneten Fuhrungen (168, 274) auf- 
weist, die in Eingriff mit den Seitenwanden der er- 
sten Zelle (124, 124c) stehen. 

is 4. Batterieeinheit nach Anspruch 2 Oder 3, dadurch 
gekennzeichnet, daB die Basis (128, 252) die Kon- 
taktstifte (156, 158; 248, 250) tragt und zumindest 
ein Kontaktstift (156, 158; 248, 250) durch die Basis 
(128, 252) im wesentlichen direkt mit dem ersten 

20 Ende (222) verbunden ist. 

5. Batterieeinheit nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daB sie eine zweite Zelle 
(124, 124c) mit ersten und zweiten gegenQberlie- 



25 genden Enden (218, 222) hat, wobei die Enden 
(218, 222) jeweils die erste und die zweite elektri- 
sche Polaritat haben und die zweite Zelle entlang 
der ersten Zelle (124, 124c) mit den jeweiligen ge- 
genuberliegenden Enden (218, 222) der Zellen 

30 (124, 124c) im wesentlichen koplanar angeordnet 
ist. 

6. Batterieeinheit nach einem der AnsprOche 1 bis 4, 
dadurch gekennzeichnet, daB sie eine zweite Zelle 

35 (124) mit ersten und zweiten gegenuberliegenden 
Enden (218, 222) hat, wobei die Enden jeweils die 
erste und zweite elektrische Polaritat haben und die 
zweite Zelle im wesentlichen entlang der ersten Zel- 
le (124) mit den Langsachsen der Zellen (124) im 

40 wesentlichen parallel zueinander angeordnet ist, 
wobei die Basis (128) ein Paar Fuhrungen (168) 
hat, die in Eingriff mit den Seitenwanden (222) der 
ersten und der zweiten Zelle stehen. 

45 7. Batterieeinheit nach einem der Anspruche 1 bis 6, 
dadurch gekennzeichnet, daB der Kontaktblock 
(22, 22a) sich zwischen dem Gehausekontaktende 
und dem ersten Ende (222) der Zelle (1 24) befindet 
und zumindest teilweise das erste Ende der Zelle 

50 uberdeckt. 

8. Batterieeinheit nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB sich ein Betatiger (1 66, 1 66') aus dem 
Kontaktende des Gehauses erstreckt und in Eingriff 
55 mit einer Offnung (58) in einem Batterieladegerat 
(12) bringbar ist, urn den Eingriff der Kontaktstifte 
mit Kontaktmessem (90) des Ladegerates zu er- 
moglichen. 
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9. Batterieeinheit nach Anspruch 8, dadurch gekenn- 
zeichnet, daB sich der Betatiger vom Kontaktblock 
erstreckt und sich zwischen den Kontaktstiften be- 
findet und sich parallel zu diesen erstreckt. 



Revendications 

1 . Bloc-batterie destine a etre relie selectivement a un 
outil comme source de courant et a un chargeur de 10 
batterie (12) pour assurer une charge, caracterise 

en ce qu'il comprend : 

• un carter (126, 170) comportant une partie en 
forme de nez (1 30, 242) comprenant des parois is 
laterales et une extremite-bornes orientee 6. 
transversalement aux parois laterales ; 

• une premiere pile (124) comportant une paroi 
laterale (220) et des premiere et seconde ex- 20 
ttemites opposees (218, 222), lesdites extremi- 
tes (218, 222) ayant respectivement une pre- 
miere et une seconde polarites electriques et 
6tant disposees dans la partie en forme de nez 
(130, 242) de telle sorte que I'axe longitudinal 25 
passe a travers I'extrdmite-bornes et que la 
premiere extremite (222) de la pile soil adjacen- 

te a I'extremitebornes ; 

7. 

• une boite a bornes (22, 22a), situee a I'extre- 30 
mite-bornes du carter et comprenant une paire 

de fiches de bomes (158, 160 ; 248, 250) allon- 
gees, espacees I'une de I'autre et s'etendant 
gdneralement parallelement a I'axe longitudi- 
nal de la pile (124, 124c) et vers I'exterieur a 35 
partir de la premiere extremite (122) de la pile 8. 
(124, 124c), et 

• des moyens de connexion (164, 254) inclus 
dans la boite a bornes pour relier 6lectrique- 40 
ment cette boite a bornes (22, 22a) a la premie- 
re extremite (222) de la premiere pile (124, 
124c). 

9. 

2. Bloc-batterie (14, 16) selon la revendication 1, ca- 45 
racterisS en ce que la boite a bornes (22, 22a) com- 
prend une base (128, 252) situ6e dans I'essentiel 

en butee contre la premiere extremite (222) de la 
pile. 

50 

3. Bloc-batterie selon la revendication 2, caractetl en 
ce que ladlte base (1 28, 252) comporte deux guides 
espaces (168, 274) en engagement avec la paroi 
laterale de ladite premiere pile (124, 124c). 

55 

4. Bloc-batterie selon la revendication 2 ou 3, carac- 
terise en ce que la base (128, 252) porte les fiches 
de bomes (156, 158 ; 248, 250) et au moins une 



fiche de borne (156, 158 ; 248,250) est connectee 
a travers la base (128, 252) sensiblement directe- 
ment la premiere extremite (222). 

Bloc-batterie selon Tune quelconque des revendi- 
cations 1 a 4, caracteris6 en ce qu'il comprend une 
second pile (124, 124c) comportant des premiere 
et seconde extremites opposdes (218, 222), lesdi- 
tes extremites (218, 222) ayant respectivement la- 
dite premiere et ladite seconde polarites electri- 
ques, et ladite seconde pile est disposee le long de 
la premiere pile (124, 124c), des extremites oppo- 
sees respectives (218, 222) des piles (124, 124c) 
etant sensiblement coplanaires. 

Bloc-batterie selon I'une quelconque des revendi- 
cations 1 a 4, caracterise en ce qu'il comprend une 
seconde pile (124) comprenant des premiere et se- 
conde extremites opposees (218, 222), lesdites ex- 
tremites ayant respectivement ladite premiere et la- 
dite seconde polarites electriques, et cette seconde 
pile etant disposed g6neralement le long de la pre- 
miere pile (1 24) de facon que les axes longitudinaux 
des piles (124) soient geYteralement paralleles, la- 
dite base (228) comportant deux guides (168) en 
engagement avec les parois laterales (220) de la 
premiere et de la seconde pile. 

Bloc-batterie selon Tune quelconque des revendi- 
cations 1 a 6, caracterise en ce que la boTte a bor- 
nes (22, 22a) est situee entre I'extremite-bornes du 
carter et la premiere extr6mite (222) de la pile (1 24) 
et elle recouvre au moins partiellement ladite pre- 
miere extremite de la pile. 

Bloc-batterie selon la revendication 1, caracterise 
en ce qu'un organe d'actionnement (166, 166') 
s'elend vers I'exterieur a partir de I'extremite-bornes 
du carter et peut s'engager dans une ouverture (58) 
du chargeur de batterie (12) afin de permettre aux 
fiches de bornes d'entrer en contact avec des lames 
de bornes (90) du chargeur. 

Bloc-batterie selon la revendication 8, caracterise 
en ce que I'organe d'actionnement s'6tend a partir 
de la boite a bornes et est situ6 entre les fiches de 
bomes et parallelement a celles-ci. 
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